aneous and followed a reversible competitive mechanism in S/reptonivc~e.s sp. and a reversible non-competitive mechanism in N . erythropo1i.s and S . w t t i t t i i t t i e . An irreversible type of inhibition was observed for 1'. lestostcrorii cholesterol oxid a se .
I I . Taton, M., Benvcnkte, P. di Kahier Fungicides have been in use in agricultural crops for more than 100 years. but their economic importance has only been of significance during this century. Bordcaux mixture was first discovered in 1 X X 5 and found use for the control of vine downy mildew. I'lustno/m-ci riiicolu. in France. Other inorganic compositions based upon heavy metals and sulphur were then introduced and much later, organic compounds.
T h e action of this type o f fungicide was upon many biochemical processes, and they retained selectivity between the host plant and the pathogen by forming a protective barrier on the plant cuticle, because they were not systemic. In general, they had a wide spectrum of activity, and there has been almost complete absence o f resistance t o this type of compound. Brent reviewcd these early developments in
Fungicides with a specific biochemical action have only been known since the 1960s. and they have arisen during the search for systemic compounds brought about by different screening tests 121. T h e ability t o penetrate and move in the plant has allowed the grower to eradicate existing infections, and to have greater flexibility of application. Most of the newer fungicides are of this type, and they show high levels of intrinsic activity and hence lower application rates are used.
Abbreviations used: EBI, ergosterol biosynthesis inhibitor; DMI, demethylation inhibitor. Two groups of systemic fungicides which have achieved considerable commercial success during the last decade are inhibitors of ergosterol biosynthesis. and this paper describes their agricultural uses. They have been described as sterol biosynthesis inhibitors, ergosterol biosynthesis inhibitors (EBls) and, more specifically, one group are demcthylation inhibitors (DMls).
T h e fungicidal properties of N-substituted morpholines were described by Koenig el ril. in 1 Oh5 131. Tridcmorph (4-tridecyl-2,6-dimethylmorpholine) was introduced primarily for the control of cereal powdery mildews (Etysiphe grutniriis) [4] and was very effective at eradicating and cleaning up existing infections at doses about 500 g/ha. T h e material has considerable volatility, which enables it to spread through the cereal canopy. Two other compounds o f this type have now been introduced, fenpropimorph { 4-1 3-( 4-
t-butylphenyl)-2-methylpropyl)-2,h-dimethylmorpholine} and fenpropidin { !-[ 3-( 4-t-butylphenyl)-2-rnethylpropyl]-piperidine}
The biochemical lesion caused by the morpholine group (which includes fenpropidin) has been established after considerable confusion (see the review by Mercer 16 I). There are in fact two sites in sterol biosynthesis in fungi which are sensitive to the compounds, and this has now been shown by inhibition studies using isolated enzyme systems 17). Inhibition of the Ax + A'-isomerase by tridemorph caused accumulation of AX-sterols in E. grarnitiis f. sp. liordei conidia, which accords with the more powerful inhibition of the isomerase in the enzyme studies (81. Fenpropidin caused a different pattern o f inhibition and ergosta-8,14,24( 2X)-trienol was observed as PI.
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BIOCHEMICAL SOCIETY TRANSACTIONS 16% of the sterol fraction in E. graminis. Baloch & Mercer [7] showed that fenpropidin was more potent as an inhibitor of the Al4-reductase, which again is in accordance with the mildew experiment [S] . It is interesting to note that the major sterol found in E. graminis is ergosta-5,24(28)-dienol (24-methylenecholesterol) and not ergosterol [8] .
The morpholines would have been superseded by the azole group of fungicides, because their spectrum of activity is limited to cereal mildews and rusts, had they not shown the absence of cross-resistance to E. graminis resistant to the DMls (see below). They are now an important part of the strategy for tackling the resistance problem on cereal crops, and to date no significant field resistance to the morpholines has been observed [9] . The lack of resistant strains after many years of field use is perhaps unusual, and has not been explained in biochemical terms.
The second group of fungicides inhibiting ergosterol biosynthesis are the 'azoles'. With one exception they contain a heteroaromatic ring system and are inhibitors of the cytochrome P450-dependent 14a-demethylase [ 101. Many compounds of this type have been registered as agricultural fungicides since the mid-1970s, and related chemicals are used against human mycoses [ 11-13]. They were introduced to control mildew and rusts diseases of cereals, but they have a wider biological spectrum and the more recent compounds have been chosen for this property (M. C. Shephard, unpublished work). Their use extends to diseases of the major agricultural crops, and to the major groups of fungal pathogens, with the exception of the Oomycetes which are known to be unable to synthesize sterols [ 141.
The significant features of the biological profile of thc DMls are curative activity, the ability to move across the leaf to control infections on the under surface, and their acropetal mobility in the plant. The compounds are also used as seed dressings to control seed-borne and foliar diseases through seed coat and root uptake. Rates of application vary according to the chemical and crop, but are typically below 250 g/ha [ 151. However, each compound has its own particular profile of activity against pathogens, which depends upon its physical properties and hence its behaviour on and in the plant [ 151 (M. C. Shephard, unpublished work).
The extensive use of fungicides with a single mode of action has encouraged the emergence of resistant strains of pathogen. This is particularly serious in barley powdery mildew 191, but has also been observed in apple scab Vetitirria inaequulis [16] , and the risk as been predicted for other diseases [ 171. Thus monitoring programmes are being used to assess the sensitivity of field populations and to check that control measures are not exerting selection pressure on the pathogen [9] . The recommended approach to control resistant pathogens has been to mix or alternate fungicides with different biochemical modes of action. For cereal powdery mildews this will probably entail the use of fungicides from three separate groups. The seed will be dressed with ethirimol (an adenosine deaminase inhibitor [IS]) and a DMI.
Then subsequent sprays will include a morpholine [191. It was at first believed that cross-resistance between all DMls would occur, but careful examination of several azole fungicides on resistant strains has revealed that resistance factors vary considerably between fungal isolates and between chemicals [ 201. Not until the mechanisms which cause resistance have been elucidated will it be possible to understand the reasons for this. One interesting observation is that enantiomer specificity may be reversed in resistant strains [21] . Thus for tebuconazole (HWG 1608) the S( -)-enantiomer was more active on sensitive strains of Succhurotnycopsis lipolytica and I'yricitluriu oryzuc, whereas the R( + )-enantiomer was more active on resistant strains. The claim that this material has a second mode o f action at the Ax -A7-isomerization stage of ergosterol biosynthesis has not been confirmed by any other group t o date.
The discovery of new DMls is likely and the targets to bc achieved will be wider spectrum and the ablity to control all the serious pathogens on a specific crop. N o new morpholine types have been commercialized since 1980. The other group known to be EBIs, the allylamines. which inhibit squalene epoxidation, are used in pharmaceutical applications. They show activity on plant pathogens, but have not yet led to a new class of agricultural fungicide [22] .
